ATP is a substance present in all living cells that provides energy for many metabolic processes and is involved in making RNA. Most ATPases break down ATP to provide energy for molecule transport. ATP gene family provides instructions for making transporter proteins called ATPases, which carry many types of molecules, such as fats, sugars, charged atoms or molecules (ions), and drugs, across cell membranes. ATPases use energy from ATP to move substances across the cell membranes. Within ATPase, there are four subfamilies that are distinguished by their location within the cell and how they transport molecules. The F-types are located on the membranes of mitochondria, and instead of breaking down ATP to transport molecules, these types make ATPs, and so, they are called ATP synthase.
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Institute ( (Abumourad et al., 2013) . Mitochondria produce energy through a process called oxidative phosphorylation. This process uses oxygen and simple sugars to generate adenosine triphosphate (ATP), the cell's main energy source. A set of enzyme complexes, designated as complexes I-V, carry out oxidative phosphorylation within mitochondria. Mitochondrial DNA contains about 37 genes, all of which are essential for normal mitochondrial function. Thirteen of these genes provide instructions for making enzymes involved in oxidative phosphorylation. The remaining genes provide instructions for making transfer RNAs (tRNAs) and ribosomal
RNAs (rRNAs).
ATP is a substance present in all living cells that provides energy for many metabolic processes and is involved in making RNA. Most ATPases break down ATP to provide energy for molecule transport. ATP gene family provides instructions for making transporter proteins called ATPases, which carry many types of molecules, such as fats, sugars, charged atoms or molecules (ions), and drugs, across cell membranes. ATPases use energy from ATP to move substances across the cell membranes. Within ATPase, there are four subfamilies that are distinguished by their location within the cell and how they transport molecules. The F-types are located on the membranes of mitochondria, and instead of breaking down ATP to transport molecules, these types make ATPs, and so, they are called ATP synthase.
ATP synthase (or complex V) is the enzyme of aerobic ATP production. It is located in the inner mitochondrial membrane of eukaryotic cells together A with four respiratory chain enzymes that generate the proton motive force, which in turn drives ATP synthesis. ATP synthase comprises a rotary catalytic portion, F 1 -ATPase, whose structure has been characterized (Abrahams et al., 1994) a transmembrane portion F 0 , and two stalks that link F 1 and F 0 (Nijtmans et al., 2001) . The F 0 portion in Saccharomyces cerevisiae contains at least six non-identical subunits: subunits 6, 8 and 9 are encoded by mitochondrial DNA, whereas three other polypeptides with molecular masses of 25, 21 and 19 kDa are always associated with ATP synthase, nuclear DNA encodes these proteins (Velours et al., 1984) . Little is known about either their structure or their roles in the holoenzyme. Velours et al. (1987) isolated the subunit 4 (molecular mass 25 kDa), which is the fourth polypeptide of the complex when classifying subunits in order of decreasing molecular mass.
The ATP synthase F 0 portion subunit 4 is located at the F 0 -F 1 interface, since its cross-linkings shape enhances rotary mechanism to proton translocation, was performed between this subunit and F 1 α and β subunits and F 0 subunit 9 and the oligomycin-sensitivity-conferring protein (OSCP). (Genetics Home Reference http://ghr.nlm.nih.gov/).
Calotropis procera (Taxonomy ID: 141467) is a drought-tolerant wild plant. It belongs to Asclepiadaceae family and is characterized as a sustainable evergreen medicinal and toxic shrub. Seed spreads mainly by wind and can be transmitted by animals as well. C. procera is native to West and East Africa, and South Asia, while naturalized in Australia, Central and South America, and the Caribbean islands. Its bark and leaves are used for the treatment of leprosy and asthma (Duke et al., 2002) .
In the present study, we aimed to uncover and characterize mitochondrial ATP4 gene in this medicinal plant from the de novo assembled transcriptome contigs of a high-throughput sequencing dataset. We intend to compare the sequence as well as the three-dimensional (3D) structure of the obtained ATP4 protein with those of other plant species.
MATERIALS AND METHODS

Sample collection and isolation of total RNA
Five leaf discs of C. procera were sampled. They were frozen in liquid nitrogen (50 mg tissue each) and total RNA extraction was performed using RNeasy Plant Mini Kit (Qiagen, cat. no. 74903).
To remove DNA contaminants 3 μl of 10 mg/ml DNase A, RNase and protease-free 
NGS sequence
Whole-RNAseq, paired-end shortsequence reads of C. procera were generated using the Illumina Genome AnalyserIIx (GAIIx) according to manufacturer's instructions (Illumina, San Diego, CA, USA).
Sequence filtering and bioinformatics analysis
The raw sequencing data were obtained using the Illumina python pipeline v. 1.3. For the obtained libraries, only high quality reads (quality >20) were retained.
Then, de novo assembly of the obtained short (paired-end) read dataset was performed using assembler trinityrnaseq followed by creation of putative unique transcript (PUTs) with a combination of different k-mer lengths and expected coverage (Haas et al., 2013) . Twenty ATP4 sequences (Table 1 and 
Determination of phylogenetic relationships
The maximum likelihood method was used to build a dendrogram and CLC Genomics Workbench was used to allow doing bootstrap analysis. A bootstrap value is attached to each branch to indicate the confidence in this branch.
The 3D homology modeling
The functional domain was identified (acc. no. cl21478: Mt_ATP-synt_B Superfamily, Pfam acc. no. PF05405) from the NCBI Conserved Domain Database (CDD) (http://www. ncbi.nlm.nih. gov/Structure/cdd/cdd.shtml), which uses 3D-structure information to explicitly define domain boundaries and provide insights into sequence/ structure/function relationships, as well as domain models imported from a number of external source databases (Pfam, SMART, COG, PRK, TIGRFAM).
Homology modeling was carried out using Swiss-Model, protein-modeling server, accessible via the EXPASY (http://www.expasy.org/). Super-imposition of ATP4 amino acid sequence model on other ATP4 proteins was constructed using RasMol (http:// www.umass.edu/ microbio/rasmol/), and Deep-View programs (http://spdbv.vital-it.ch/).
Structure alignment
The protein model was applied to pairwise comparison of protein structures using FATCAT server (Flexible structure AlignmenT by Chaining Aligned fragment pairs allowing Twists; http://fatcat. burnham.org/fatcat/) and their alignments were used to identify conserved and diverse structure domains (Ye and Godzik, 2003) . Root mean square deviation (RMSD), which measures the average distance between the backbones of superimposed proteins, (when given two sets of n points ν and ω) was measured according to the following formula:
Where n is the position of each equivalent atom, ν and ω are two different sets of points
RESULTS AND DISCUSSION
The transport ATPase works on the (Fig. 2) .
BLAST analysis
To identify sequence similarity with homologous proteins from other organisms PHI-BLAST and DELTA-BLAST tools (search performed using specific database, refseq_protein, and using Entrez query "mitochondria" to limit search) were performed to the obtained C. procera ATP4 protein (http://blast.ncbi. nlm.nih.gov/Blastp.cgi) The explanation of the score and sequence similarity from specialized BLAST searching eventually led to the identification of homologous protein sequences. Results for the most closely related protein to C. procera ATP4 protein indicated that the ATPase subunit 4 of Silene vulgaris has the lowest e-value (0.0) and high identity percent (88.89%). These results indicated that C. procera ATP4 has the same function.
Mt_ATP-synt_B
The ATP synthesis in the catalytic domain of F 1 is coupled via a rotary mechanism to proton translocation (Fig. 2) .
Multi-sequence alignment (MSA) and phylogenetic analysis
Filters (Refseq_protein database, within "mitochondria" only) used to specify and limit the number of hits resulted in the specialized BLAST (Delta-Blast) search hits were used to perform multisequence alignment (MSA). This resulted in Calotropis ATP4 10 protein sequences from 10 different species (Table 2 and 
Structure analysis
Primary structure properties
Kyte-Doolittle hydropathy plots provide information about the possible structure of a protein, and can identify features such as transmembrane or surface regions. For surface region discovery in a globular protein, a window size of 9 is considered optimal, marked negative dips in the graph indicate possible surface regions. A region size of 19 is considered optimal for the discovery of transmembrane regions, which can be identified by peaks above a value of 1.8. (Kyte and Doolittle, 1982) . Based on structural alignment, a theoretical 3D model for C. procera ATP4 protein was created, corresponding to residues 1-198 of the primary structure (Fig.  7) . The predicted model was created using the Swiss-Model, protein-modeling server.
Structure alignment
FATCAT rigid structure alignment online tool was applied on five C. procera ATP4 proteins 3D structure, which was created, based on structural alignment using Swiss-Model. 2CLY_A, Subcomplex of the Stator of Bovine Mitochondrial Atp Synthase, is the closest homologous protein sequence with available 3D structure to the obtained C. procera ATP4 protein.
To proof the accuracy of the theoretical 3D model, FATCAT server was used to compute optimal and suboptimal structural alignments between 2CLY_A (Fig. 9 ).
Twist; indicate the secondary structure that has to be rearranged (a twist introduced at the hinge) so that the secondary structures can be better aligned. For the two aligned proteins, Twists 0 initial length was 48 aa and initial RMSD was 2.84.
Interpolating between 3D structure of ATP4 model and 2CLY_A model
Intermediate structures are calculated by linearly interpolating distance matrices of the aligned parts of superimposed conformers. Subsequently, the intermediate structures are optimized by energy gradient minimization employing a reduced representation force field. Thus, in contrast to a simple morphing, the structure changes can be interpolated or extrapolated while preserving protein-like geometry of intermediate structures and internal structure of the rigid elements of both proteins (Fig. 10) .
CONCLUSION
In most biosystems, the ATP syn- The membranous portion, termed F 0 , forms a proton channel. F 0 is composed of a variable number of polypeptides according to the organism, ranged from three to ten. (Velours et al., 1988) .
These results support our finding that the obtained C. procera transcript sequences belong to ATP4 and possess the same functions regarding its functional domain and that the motif belong to ATP4 protein sequence. Also, the results prove the accuracy of our theoretical 3D modeling for the obtained C. procera ATP4 deduced protein from the sequence of the amino acids.
In conclusion, the present study provides an important gene involved in oxidative phosphorylation process in the arid land plant Calotropis procera, and suggests three important features. First, it exists in biological (mitochondrial) membranes. Second, being part of complex hydrolyzes ATPs (ATPase) which have a reverse activity makes it synthase ATPs (ATP syntheses), regarding to the existence of "Mt_ATP-synt_B" functional domain. And finally, it transports at least one substance across the biological membrane, at the expense of ATP hydrolytic activity.
SUMMARY
The drought-tolerant wild plant C. procera is important in medicine, industry and ornamental fields. Generally, its bark and leaves are used for many Folk medicine treatments. ATP4 (mitochondrion ATPase subunit 4), one of ATP gene family provides instructions for making transporter proteins called ATPases, which use energy from ATP molecule to move substances, such as fats, sugars, charged atoms or molecules (ions), and drugs, across the cell membranes. In this study, we uncovered and characterized ATP4 (ATP4, NCBI accession no. KP171515) gene in this medicinal plant from the de novo assembled transcriptome contigs of the high-throughput sequencing dataset. A number of GenBank accessions for ATP4 sequences were blasted with the recovered de novo assembled contigs. Homology modeling of the deduced amino acids was further carried out using Swiss-Model, accessible via the EXPASY. Superimposition of C. procera ATP4 full sequence model on Chain A, Subcomplex of the Stator of Bovine Mitochondrial ATP Synthase (PDB accession no. 2CLY_A) was constructed using RasMol and Deep-View programs. The functional domains of the novel ATP4 amino acids sequence were identified from the NCBI conserved domain database (CDD, accession no. cl21478) that provide insights into sequence structure/function relationships, as well as domain models imported from a number of external source databases (Pfam, SMART, COG, PRK, TIGRFAM). (Krzywinski et al., 2009) . Hit sequences arranged clockwisely form query as shown in Table ( 
